Objective: To assess the interrelationship between ethnicity, migration status and dental caries experience among adults in East London.
England tend to show poorer health than the host population. 10 The lack of, or reduced, border control might induce migration of groups with socioeconomic and health disadvantages. 11, 12 Contrarily, migrants from countries where there are strict controls tend to be more selective on the basis of health and socioeconomic background. 5 For instance, we would expect Eastern Europeans to have poorer health than natives as their entry via right of access (European Union membership) does not impose a health barrier when migrating to the UK. A better understanding of the environment and experiences that migrants face before, during and after migration is paramount to inform programmes that protect the health of migrants and their families.
The oral health of migrants remains largely unexplored in the UK. Prior research in other countries has yielded contradicting findings. 13 An early US study showed that the length of residence was positively associated with higher caries experience among Haitian migrants 14 while another US study among 8 migrant groups, one of which was Haitians, found no association. 15 Moreover, age at arrival was positively associated with higher caries experience in one of those studies 15 but not associated in the other. 14 The proportion of life in the host county was not associated with caries experience among Vietnamese in Australia either. 16 No study has looked at age at arrival and length of residence simultaneously or their potential interaction. On the other hand, 2 recent longitudinal studies have
shown that dental status of recent migrants to Canada 17 and Israel 18 deteriorated 4-5 years post-migration but were still lower than those seen in the host population. This study explored the interrelationship between ethnicity, migration status and caries experience among adults in East London. We hypothesised that there are clear inequalities in dental status between native and migrant adults, with considerable variations across ethnic groups. We also hypothesised that caries experience differs according to age at arrival and length of residence in the UK, with older and long-term migrants showing higher caries experience than their younger and recent counterparts.
| ME TH ODS

| Study population
We analysed data from the East London Oral Health Inequality and sugars intake frequency were the dental behaviours evaluated.
Intake of 6 sugary items (chocolate, biscuits, cakes, confectionary, soft drinks and fruit juice) was reported using 7-point scales. Each sugary item was scored as follows: >1/day (2), 1/day (1), most days (4/7 = 0.57), 1/week (1/7 = 0.14), 1/month (1/30 = 0.03), <1/month (0) and never (0). Weighted scores (in brackets) matched the lower frequency of consumption for each option. 23 Scores for the 6 items were aggregated to produce a total score, which ranged from 0 to 12. Based on this total score, sugars intake frequency was classified as ≤2/day vs >2/day.
19,20
| Statistical analysis
Data were weighted to adjust for the unequal probability of selection and nonresponse as well as to produce a representative sample We first compared the sociodemographic composition of UKand foreign-born adults with the chi-square test. Thereafter, we modelled the association of ethnicity, nativity status and migration history with caries experience using negative binomial regression as the latter was an over-dispersed count measure. Rate ratios (RR)
were therefore reported as the measure of association. In line with the intersectionality theory, 6, 7 we treated ethnicity and nativity status as same-level determinants of dental status and then evaluated the role of SEP and behaviours on these associations. The association of migration status with DMFT was assessed in the subsample of foreign-born adults. We used the same modelling strategy as described above, starting with the crude associations of ethnicity, age at arrival and length of residence with DMFT (Model 2A), and gradually adjusting them for demographic (Model 2B), SEP (Model 2C) and behavioural factors (Model 2D). We then tested the two-and three-way interactions among ethnicity, age at arrival and length of residence by adding each term one at a time to Model 2D.
To ease interpretation, we reported adjusted predictions for DMFT at 2 different points in the distribution of age at arrival (1SD below and above the mean for younger and older migrants) and length of residence (1SD below and above the mean for recent and long-term migrants) for each ethnic group. As there is a mathematical relationship between age, age at arrival and length of residence, we dealt with potential collinearity by treating age as categorical (10-year brackets) and the other measures as continuous variables. Similar results were obtained when excluding age from all regression models in sensitivity analysis.
| RESULTS
For this analysis, we excluded 67 participants who were from
Mixed/Other ethnicity due to their small numbers. We also excluded participants with missing data on covariates (education = 169, NS-SEC = 88, migration status = 55, sugars intake = 27, toothbrushing frequency = 18, last dental visit = 10 and nativity status = 5). There were no major differences between participants excluded and those in the study sample. Therefore, the study sample included 1910 adults (874 UK-born and 1036 foreign-born) from 9 ethnic groups, which was a close representation of London's population (Table S1 ).
The composition of UK-and foreign-born groups is shown in Ethnicity and nativity status were associated with DMFT in unadjusted models (Table 1) . White Others had higher while Black and Asian ethnic groups had lower DMFT than White British adults.
In addition, foreign-born had lower DMFT than UK-born adults. Ethnic differences in DMFT remained significant after adjustments for SEP measures and dental behaviours. The association between nativity status and DMFT was fully attenuated when controlling for SEP measures and remained unchanged after subsequent adjustment for dental behaviours. The two-way interactions of ethnicity and nativity status with each SEP measure were not significant (all P > .05). Only the interaction between ethnicity and nativity status was significant (P < .001) when added to Model 1D. White British (albeit not significant) and White Other born abroad had higher DMFT than UK-born adults. On the contrary, UK-born adults had higher DMFT than foreign-born among all other ethnic groups, with significant differences by nativity status found among Black Caribbean and Asian Others (Table 2) .
We subsequently explored the association of migration status with DMFT among foreign-born adults (Table 3 ). Age at arrival and length of residence were significantly associated with DMFT. These associations persisted after adjustments for SEP measures and dental behaviours. The greater the age at arrival and the longer the resi- Adjusted predictions for decayed, missing and filled teeth (DMFT) derived from negative binomial regression models including ethnicity, nativity status, sex, age, education, National Statistics Socio-Economic Classification (NS-SEC), last dental visit, toothbrushing frequency, sugars intake frequency and the two-way interaction between ethnicity and nativity status as explanatory variables.
T A B L E 3 Regression models for the association of ethnicity, age at arrival and length of residence in the UK with dental caries experience among adult migrants in East London (n = 1036) Negative binomial regression was fitted and RR reported. *P < .05; **P < .01; ***P < .001. 
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F I G U R E 1 Dental caries experience according to age at arrival and length of residence among foreign-born adults from different ethnic groups (n = 1036). Younger and older migrants defined at 1SD below and above the mean age at arrival. Recent and long-term migrants defined at 1SD below and above the mean length of residence. Adjusted predictions for DMFT derived from negative binomial regression models including ethnicity, age at arrival, length of residence, sex, age groups, education, socioeconomic classification, last dental visit, toothbrushing frequency, sugars intake frequency and the three-way interaction between ethnicity, age at arrival, length of residence as explanatory variables The findings also imply that migrants' dental status reflect that of their area of origin. Global data show that the prevalence of untreated caries was higher in Eastern Europe and lower in Africa and South Asia compared to the prevalence in the UK. 24 On the other hand, cultural explanations (acculturation) have dominated migrant health research until very recently. Our findings show that dental behaviours, which are strongly associated with caries increment, 25 did not help explaining differences in caries experience between foreign-and native-born adults. It thus follows that other factors pushing and pulling people into migration may be more relevant to explain those inequalities. Although we measured participants' SEP in the receiving country, SEP in sending countries is equally important as it affects migrants' health over the life course (before, during and after migration). 8 There is also some evidence that experiences of discrimination 26 and psychosocial stress [27] [28] [29] as well as community characteristics 30 may underlie ethnic inequalities in oral health. Given that ethnicity and migration are different but connected social categories, it is possible that these experiences influence migrants' health too.
Further analysis among foreign-born adults showed that the association between migration status and caries experience could be mediated by age at arrival and length of residence. We argue that the social and structural environment to which foreign-born adults have been exposed to during their time in the UK worsened their dental status. As younger migrants (1SD below the mean = 10.6 years) come with their parents, they are raised in a protective environment. A network of the same ethnicity is likely to act as a buffer against negative or stressful experiences, a phenomenon called ethnic density effects. 31 On the contrary, older migrants (1SD above the mean = 35.6 years) generally come alone, even if married, and must live on their own. As such, they would spend more time outdoors, and in contact with British socioeconomic and environmental factors.
However, it cannot be assumed that the synergistic effect between age at arrival and length of residence be the same across all ethnic groups. Differences between older and younger migrants were more pronounced with a longer stay in the UK, especially for White Others, Black Caribbean and Asian Others.
Previous UK studies on ethnic inequalities in oral health have focused on differences in socioeconomic conditions between ethnic groups. 19, 20, 32 This study shows that other factors, beyond cultural explanations, play a role in caries experience among migrants. It also shows that the caries burden is found among White rather than Black or Asian migrants. A detail evaluation of the determinants of oral health of migrants in the UK is paramount to understand and respond to their specific oral health needs. We also need further research to unravel the factors that influence migrants' health in sending and receiving countries, which could later inform oral health policies for migrants. Of note is the fact that no differences by nativity status or migration history were found in certain ethnic groups, such as Black Africans. Further studies could explore the characteristics that make these ethnic groups so homogenous.
Some study limitations must be addressed. First, this was a crosssectional descriptive study which limits the interpretation of the associations. This is especially relevant given the cumulative nature of the DMFT index, which does not capture information on when treatment for dental caries was received (either before or after migration).
Despite its limitations, the DMFT is the most commonly used epidemiological index in dentistry. Second, our study sample included 84% of the White, Black and Asian adults (the main 3 ethnic groups in the UK) who participated in the ELOHI study. However, we found no sociodemographic differences between those with and without missing data on covariates, suggesting that exclusions might not have affected the study findings and that they are still generalisable. Third, age at arrival and length of residence are only 2 of many measures of migration status. They are considered mere proxies as they do not directly measure the experience of migration. 2 However, these measures are commonly used, particularly in new settings where validated instruments are not available. 3, 33 To conclude, large inequalities in dental caries experience were found between foreign-and native-born adults in East London, with better dental status for Black and Asian migrants as well as for White native-born than for their counterparts of the same ethnic group. The greatest caries experience was found among older migrants with long-term residence in the UK. The synergistic effect between age at arrival and length of residence differed by ethnicity.
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